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FOREWORD 

This repor t  presents NASA w i t h  the  permeability measurements on 

two (2 )  submitted specimens o f  each of two (2)  low-density phenolic- 

nylon chars. Due t o  the extremely f r a g i l e  s t a t e  of these chars, the 

specimens were prepared and tes ted as described i n  t h i s  repor t .  The 

measurements were made a t  low pressures (AP) s l i g h t l y  above atmos- 

pheric,  a t  room temperature, and w i t h  both nitrogen and helium as 

the permeating gases, 
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1 INTRODUCTION 

The following information was provjded to MePpar by NASA coneern- 

ing identification, composition, density, and thermal degradation 

procedures' of the char samples. 

"The lowest-density char (marked 'material A ' )  was formed by 

thermal degradation of a low-density phenolic-nylon of 19 lbs/ft3 

bulk density. 

3-inch-diameter discs of the phenolic-nylon to an electric-arc-heated 

subsonic stream of nitrogen for 90 seconds - the time required to pro- 
duce a char layer of approximately ii-inch thickness. 

The thermal degradation was accomplished by exposing 

1 

The highest-density char (marked 'material B') was formed by 

thermal degradation of a low-density phenolic-nylon of 42 lbs/ft 3 

density. 

150 seconds in order to produce a char of about *-inch thickness. 

This material was exposed to the arc-jet stream for about 

For both materials the arc-jet was operated with a 4-inch nozzle 

located 2 inches from the material. The stream enthalpy was about 

3250 Btu/lb and the thermal flux at the charring surface was about 

120 Btu/ft sec. 

of Union Carbide 'Bakelite' BRP-554.9 phenolic resin, 35% by weight 

of Union Carbide Phenolic Microballons (BJO-0930), and 40% by weight 

of DuPont ' Zytel' lo3 nylon powder ." 

2 The composition of both materials was 25% by weight 
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2. SAMm PREPARATION 

The phenolic-nylon samples received f o r  permeabiiity testir ,g 

measured approximately 3 inches i n  diameter by 3/4 inches th ick  hav- 

ing a char layer  1/4" on the  f ron t  face and the s ides  of the  d iscs .  

On a l l  samples, t he  char layer was  separated from the  phenolic-nylon 

material but could not  be removed from it without damaging the  char. 

In  order t o  handle a d  t e s t  these specimens properly, the  char was 

anchored t o  the phenolic body by impregnating the char with a room- 

temperature curing epoxy adhesive (Hysol PC12-007A). 

sive w a s  applied t o  the sides and extended approximately 1/4" from 

the edge on the f ront  surface. Several coatings were required t o  

completely f i l l  these surfaces and t o  bond the char t o  the  phenolic 

body. 

gases, as w a s  found t o  occur i n  the o r ig ina l  samples, t he  f r o n t  sur- 

face of the char w a s  coated with a viscous, room-temperature curing 

epoxy adhesive (Miracle), except f o r  an area 1/4" i n  diameter, i .e.,  

the permeating area.  

sample which w a s  secured t o  a ro t a t ing  wheel. 

room temperature while the sample w a s  ro ta t ing .  

The epoxy adhe- 

I n  order t o  prevent extraneous s ide f lov  of the permeating 

The epoxy w a s  applied w i t h  a syringe to  the  

Curing occurred a t  

Machining of the specimens involved d r i l l i n g  and tapping (l/h" 

pipe thread s i ze )  a bl ind hole i n  the  phenolic-nylon material, 

then cu t t ing  in to  the char using a 1/4" end m i l l .  

ing (400-1-4) w a s  then threaded in to  the tapped hole and sealed using 

Torr Seal  (Varian) . 

A Swagelck f i t t -  
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3. TESTING 

The apparatus, shown schematically below, w a s  used t o  determine 

the permeation of the char samples t o  gaseous helium and nitrogen. 

H e l i u m  2-Stage Precision Precision FH-HTHTt Regulator Flowrator Pres sure 
Nitrogen 

Sample Atmosphere 7c 
The precis ion Bore Flowrator (Fischer and Por te r  Co., No. 2-I?$-20-5) 

w a s  cal ibrated f o r  helium and nitrogen using a "Precision" Wet T e s t  

Meter p r io r  to t e s t i n g  the samples. 
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4. RESULTS 

The following data was recorded during the permeability t e s t i n g  

of the phenolic-nylon chars. 

diameter of 1.20 cm on the high pressure s ide of the char. As such, 

the r e s u l t s  of char #4 can only be considered as an approximation. 

The permeability f o r  a l l  char samples were calculated f o r  a 1 p s i  

d i f f e r e n t i a l  across the char. 

Char #4 w a s  improperly machined t o  a 

a 
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Table 1. Observed Permeation of Phenolic-Nylon Material "B," 42 l b / f t  3 

Nitrogen - _ - .  Gas H e l i u m  Gas 
Char STDCC STDCC 
No. AP,* p s i  Flow Rate, SEC Flowrator AP9* p s i  Flow Rate, SEC Flowrator 

1 0.5 45 4.3 0.5 62 4.1 

I 1.0 71  5 -9 1.0 108 5-3 

1.5 93 7-2 1.5 144 6.2 

2.0 110 8.2 2.0 181 7.2 

2.5 125 9.1 2.5 211 7.9 

3.0 lrC0 9.9 3 90 238 8.6 

2 0.5 40 4.0 0.5 62 4.1 

1.0 63 5 *4 1.0 112 5 94 

1.5 83 6.6 1.5 147 6.3 

2.0 100 7 *6 2.0 181 7.2 

2.5 111 8.3 2.5 211 7.9 

3 -0 124 9.0 3.0 238 8.6 

~~ 

* 
Pressure Dif fe ren t ia l  Across Char. 
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Table 2. Observed Permeation of Phenolic-Nylon Material  "A," 19 l b / f t 3  

Nitrogen Gas Helium Gas 
I Char smc STDCC 

No. AP,* p s i  Flow Rate, SEC Flowrator &,* p s i  Flow Rate, SEC Flowrator 

3 0.50 

0.75 

1.00 

1.25 

1.50 

1-75 

2.00 

4 0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

121 

158 

189 

219 

246 

271 

293 

- 
90 

133 

168 

198 

221 

244 

268 

287 

8.8 

10.9 

12.6 

14.2 

15.6 

16.9 

18 .o 

- 
7 *o  

9.5 

11.5 

13.1 

14.3 

15.5 

16.7 

17 *7 

0.50 

0.75 

1.00 

1.25 

1.50 

1-75 

2.00 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0 -9 

200 

275 

337 

387 

434 

467 

489 
- 
168 

242 

311 

370 

412 

452 

479 

497 

7.6 

9.5 

11.1 

12.4 

13.6 

14.8 

16.1 

6.8 

8.7 
10.4 

11.9 

13.0 

14.2 

15.4 

16.5 

-~ __ 

* 
Pressure Di f f e ren t i a l  Across Char. 
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